Background and Purpose-Stroke is a leading cause of hospital admission among the elderly. Although studies have examined subsequent vascular outcomes, limited data are available regarding the full burden of hospital readmission after stroke. We sought to determine the rates of hospital readmissions and mortality and the reasons for readmission over a 5-year period after stroke. Methods-This retrospective observational cohort study included Medicare beneficiaries aged Ͼ65 years who survived hospitalization for an acute ischemic stroke (International Classification of Diseases, Ninth Revision, Clinical Modification codes 434 and 436) and who were discharged from Connecticut acute care hospitals in 1995. This population was followed from discharge in 1995 through 2000 using part A Medicare claims and Social Security Administration mortality data. The primary outcome was hospital readmission and mortality and readmission diagnosis. Results-Among 2603 patients discharged alive, more than half had died or been readmitted at least once during the first year after discharge (1388/2603, 53.3%), and Ͻ15% survived admission-free for 5 years (372/2603, 14.3%). The reasons for hospital readmission varied over time, with stroke remaining a leading cause for readmission (3.9 to 6.1% of patients annually). Acute myocardial infarction accounted for a comparable number of readmissions (4.2 to 6.0% of patients annually). The most common diagnostic category associated with readmission, however, was pneumonia or respiratory illnesses, with an annual readmission rate between 8.2% and 9.0% throughout the first 5 years after stroke. Conclusions-Few stroke patients survive for 5 years without a hospital readmission. Between the acute care setting and readmission to the hospital, a window of opportunity may exist for interventions, beyond prevention of recurrent vascular events alone, to reduce the huge public health burden of poststroke morbidity.
S troke, as the second leading cause of hospital admission among the elderly, 1,2 is a major public health problem. Among those who survive, readmission is common, 3 with estimates ranging from 20% to 27% in the first year. 4, 5 The importance of recurrent stroke is widely recognized in terms of both poor clinical outcomes and high health care costs. 6 Cardiac events are also common after stroke, and are the leading cause of death after stroke. 7, 8 These vascular outcomes have been the focus of most clinical trials of prevention after stroke and epidemiological studies of stroke patients, but stroke also increases the risk for stroke-related nonvascular events. 9 The risk for stroke-related nonvascular events (eg, pneumonia) is based in part on neurological deficits.
For other forms of vascular disease, such as congestive heart failure, a large portion of hospital readmissions are associated with nonvascular diagnoses. 10 Limited data are available on the burden of readmissions after stroke. Existing data were often derived from restricted cohorts, typically from a single or small number of institutions, limited geographic area, restricted patient population (eg, from a clinical trial), short follow-up, or focused on a limited number of outcomes (eg, recurrent stroke or secondary ischemic events). 3, 11, 12 In addition, few studies have been performed within the United States.
To prevent readmissions after stroke, accurate estimates of the absolute rates of hospital readmission, the associated diagnoses, and temporal patterns are needed. This information is needed by clinicians caring for patients, researchers designing clinical trials, and policy makers allocating limited healthcare resources.
Our study was accomplished as part of the ongoing quality improvement efforts of Qualidigm (formerly the Connecticut Peer Review Organization). We examined rates and reasons for readmission over a 5-year period in a cohort of patients aged Ն65 years who survived hospitalization for an acute ischemic stroke.
Methods

Study Population
The population for this retrospective cohort study included fee-forservice Medicare beneficiaries aged Ն65 years who had been admitted with an acute ischemic stroke to an acute care hospital in Connecticut during the period January 1, 1995 through December 31, 1995. The index hospitalization was defined as the first or only hospitalization the patient had in 1995 with a principal discharge diagnosis from one of the following International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) codes: 434.XX (cerebrovascular occlusion) or 436 (acute cerebrovascular disease). These ICD-9-CM codes identify patients with high specificity for acute ischemic stroke. 13 The annual part A Medicare claims files for patients who had been hospitalized with an index stroke were linked so that we could follow the cohort forward in time from their index hospitalization in 1995 through December 31, 2000. To examine whether a patient with an index hospitalization in 1995 had a hospitalization before 1995, we linked the 1995 files to 1994 Medicare files. Each record in the Medicare file contains a unique identifier known as the health insurance claim number. This claim number allows claims to be uniquely identified and allows for the linkage of records for individuals over time (eg, for a longitudinal follow-up of hospitalizations). These Medicare data were linked to Social Security files to determine each patient's mortality status. We used the date of death from the master beneficiary records of the Social Security Administration. Most deaths are reported within 4 months of their occurrence, and Ͻ1 in 10 000 is found in error. This death data includes all deaths (eg, inpatient and outpatient mortality).
We examined the primary and secondary ICD-9-CM codes and Current Procedural Terminology procedure codes associated with those 1994 hospitalizations to determine whether patients had a previous diagnosis of stroke, carotid endarterectomy, coronary artery disease, or peripheral vascular disease. This approach has been validated among Medicare patients. 14 
Inclusion and Exclusion Criteria
Our population did not include Medicare beneficiaries enrolled in health maintenance organizations, nor did it include out-of-state discharges for patients whose primary residence was in Connecticut. We did include patients who were transferred from one Connecticut acute care hospital to another in the cohort. Hospital admissions to VA hospitals were not included.
Outcomes
We examined whether patients died or were re-hospitalized during follow-up; zero-time was defined as the date of discharge of the index hospitalization in 1995. Our outcome categories were: alive and never readmitted; alive and readmitted; dead and never readmitted; dead and (interim) readmission. Because our goal was to identify broad categories of reasons for readmission, we used the primary diagnostic related group (DRG) diagnosis to define the category for hospital readmission. As performed in previous reports, records with similar DRGs were grouped into closely associated subgroups (see Appendix). 1,2
Comorbidity Assessment
Comorbidity was determined at the time of the index hospitalization using the Deyo Score. 15 The Deyo Score is based on the Charlson Comorbidity Index. 16 We also used the Medicare claims data from 1994 to determine the number of previous hospitalizations, within the 12 months before the index (stroke) admission, as well the cause for the previous hospitalization.
Statistical Analysis
We used descriptive statistics (medians and proportions) to summarize the baseline characteristics of the cohort. We also used proportions to describe the rates and causes of hospital readmissions at various time points after the index stroke. Survival analysis with Kaplan-Meier methodology was used to examine the proportion of patients alive without hospital readmission over time.
Results
A total of 2603 acute ischemic stroke patients were discharged alive after their index stroke in 1995. The characteristics of the study cohort are presented in Table 1 ; the median age was 80 years (range 65 to 103), and the majority was women (1570/2603, 60.3%) and white (2384/2603, 91.6%). More than one-quarter of patients had at least one hospital admission during the year before the index stroke admission (694/2603, 26.7%); 1136/2603 (43%) of those discharged alive went to a skilled care facility.
Death or Readmission Rates
Cumulative rates of hospital readmission and death are shown in Table 2 . More than half of the stroke patients had died or been readmitted at least once during the first year after discharge (1388/2603, 53.3%). Less than 15% of stroke patients discharged alive from their index stroke survived admission-free for 5 years (372/2603, 14.3%). The Figure displays the proportion of stroke patients who survived without hospital readmission during the 5-years after hospital discharge for their index stroke.
Readmission Rates
Readmission to the hospital was common after the index stroke and was highest in the first months after the index stroke with 10.7% (8.9% alive and readmitted ϩ1.8% dead and readmitted) of stroke patients being readmitted in the first month after the index stroke. Overall, 1052/2603 (40%) (709 alive and readmitted ϩ343 dead and readmitted) patients had at least 1 readmission during the first year after the index stroke.
Readmission Diagnoses
Categories of diagnoses for readmission are shown in Table  3 . The reasons for hospital readmission varied somewhat over time, with stroke remaining a leading cause for readmission. Stroke accounted for readmissions in 3.9% to 6.1% of patients annually. Acute myocardial infarction accounted for a comparable number of readmissions (4.2% to 6.0% of patients annually). The most common diagnostic category associated with readmission, however, was pneumonia and respiratory illnesses, with annual readmission rates between 8.2% and 9.0% throughout the 5 years after a stroke.
Discussion
The public health burden of stroke is widely recognized, but critical gaps exist in our knowledge. 17 Previous work has shown that by 5 years after a stroke, half of patients are dead. 18 This study extends that previous work, showing that among those who survive their stroke, few escape a readmission to the hospital.
Our study is novel in that we examined long-term readmission rates after hospitalization for ischemic stroke in a large geographically based United States cohort. We found that Ͻ15% of Medicare beneficiaries who are discharged alive after an acute ischemic stroke survive admission-free for 5 years. These results emphasize the vulnerability of stroke patients to recurrent ischemic events as well as to stroke-associated nonvascular events.
We found that 1388/2603 (53%) of our cohort were either readmitted or died during the first year after stroke; this is higher than results of a study of 326 patients from Connecticut who survived a stroke, where 39.6% were readmitted or died during the first year after stroke. 19 Most other stroke outcome studies focus on recurrent stroke and death. 20, 21 Our results help define the frequency, timing, and causes for hospital readmission, and should inform clinicians, investigators, and policy makers in identifying opportunities for application of targeted preventive strategies after stroke.
Recurrent Stroke
The clinical significance of recurrent stroke is clear; however, recurrent stroke represents only a minority of the rehospitalizations. Therapies to prevent recurrent stroke can reduce the risk of recurrent stroke, but we must move beyond recurrent stroke prevention alone if we are to reduce the public health burden of ischemic stroke.
Myocardial Infarction After Stroke
Our results emphasize the importance of cardiovascular events and extended follow-up in stroke outcome studies. 8, 21, 22 In this study, the number of readmissions for acute myocardial infarction was comparable to that for stroke. The combination of cardiovascular events, including heart failure, coronary artery disease, and other vascular events, exceeded recurrent cerebrovascular events, even when stroke and transient ischemic attack admissions were combined. Unfortunately, clinical trials on this topic have had shorter follow-up periods and enrolled patients who are younger and healthier than community-based cohorts. 6 
Pneumonia and Respiratory Illness
Because of its association with dysphagia, pneumonia is especially common among patients with stroke. 23 Pneumonia is a leading cause of nonvascular death after stroke in both the acute 24 and chronic 25 care settings. Interventions are available to prevent pneumonia among older patients, 12,25 including influenza vaccination, 26 pneumovax, 27 and improved oral hygiene. 28 Emphasizing the prevention of respiratory illness may substantially improve the long-term outcomes of patients with stroke. 29 
Hospital Admission Before Index Event
Hospital-based programs are important for secondary prevention of vascular disease. 3, 30 Although one-quarter of our patients had a hospital admission during the year before their stroke, only 5% were hospitalized with a cerebrovascular diagnosis. These results suggest a complimentary role for community-based programs in reducing the public health burden of stroke.
Limitations
Three main limitations require acknowledgement. First, the primary limitation of this study is its use of administrative data, but our goals were not dependent on detailed clinical information, because our objective was to examine hospital readmissions after a stroke. The interpretation of readmission data are challenging, and hospital admission may be caused by more than one condition or event. 2 Nonetheless, readmission data can provide important insights into the morbidity after ischemic stroke, especially for the more frequently reported diagnoses. For this type of large geographically based study, administrative data can provide information not available from more detailed, but restricted, data sources. Administrative data are not only appropriate for this use but currently represents the only source of data available to examine these patterns across large geographic areas of the United States. The benefit of using the Medicare and Social Security data are that it was possible to assemble a large geographically based population and follow them through a 5-year follow-up period with complete outcome assessment and with no losses to follow-up. Second, this study only included data from Connecticut. State and regional variations exist for stroke mortality, and similar geographic variations may exist for readmission after stroke. 31 Connecticut has a lower stroke mortality rate than most of the The data included in this Table refer to individual patients. These categories are mutually exclusive (row totals Nϭ2603).
Alive without hospital readmission. Kaplan-Meier curve representing patients who were alive and never readmitted to the hospital. Time-zero is discharge (alive) from index stroke admission (Nϭ2603 at time-zero).
country, and has higher rates of preventive therapies such as the use of warfarin among patients with atrial fibrillation; therefore, our results may underestimate the full burden of readmissions after stroke in other part of the country. 32 Finally, we did not include patients with an index stroke when the patient was not admitted to the hospital or the when the admission was to a federal hospital (eg, Veterans Affairs hospitals). This population included Medicare beneficiaries aged Ն65 years enrolled in fee-for-service programs. Therefore, these results may not be applicable to patients who do not seek or require hospitalization for their index stroke, who are admitted to federal facility, who are younger than 65 years, or the elderly who are enrolled in managed care programs.
Despite these limitations, our study included a population with a diverse group of patients who represent the full spectrum of cerebrovascular disease treated at a variety of hospital types (academic and community). Therefore, these findings should have broad generalizability.
Conclusions
Our study provides a large geographically based assessment of readmission after stroke among the elderly in the United States. Few elderly stroke patients survive admission-free for 5 years after hospital discharge. Between the acute care for an ischemic stroke and a readmission to the hospital, a window of opportunity exists for interventions to reduce the burden of poststroke morbidity. For example, diagnosis and treatment of coronary artery disease or efforts to reduce hospitalizations for pneumonia (eg, swallowing studies or vaccination) among poststroke patients may reduce the readmission rates for patients after a stroke. 7, 12, 25 Our findings lay the groundwork for further efforts to identify the determinants of poststroke readmission and to initiate preventive strategies. The authors had full access to all of the data in the study and take responsibility for the integrity of the data and the accuracy of the data analysis.
